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ABSTRACT
Polonium-210, a naturally occurring radioisotope, has been found at high 
concentrations in marine fish. One publication reports much lower concentration (on the 
order of 10-1) of 2,0Po in fresh-water fish compared to salt-water, although the visceral 
organs were not analyzed. This hypothesis was tested for its generality by analyzing 
various fish from Lake Mead. Studies of polonium are useful because the man-made 
radioactive plutonium is also a heavy metal with very similar energy of alpha particle 
emission during radioactive decay.
This study was directed toward determining the radioactivity levels of 2l0Po in 
Lake Mead fish, particularly catfish, striped bass and threadfin shad. The radioactivity 
was analyzed in individual organs and tissues for comparisons with the reported 
concentrations of some oceanic fish. The study showed that 210Po concentrations in Lake 
Mead fish are comparable to salt-water fish, not much less as has been reported. The 
highest 2 l0 Po-activity (33.36 pCi/g wet wt.) was found in the intestine plus content of 
catfish. The intestine of striped bass had the highest activity of 29.01 pCi/g (wet wt.). 
These values are comparable with the value of 20 pCi/g (wet wt.) reported in the 
intestine of albacore tuna.
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INTRODUCTION
1
Several studies have been conducted on 210Po (polonium-210) radioactivity in 
marine environmental organisms but there is only one published report comparing salt­
water and fresh-water fish (Tables 1-2). The authors claim that marine organisms have 
higher 2,0Po concentrations than fresh-water organisms because of an additional source, 
but unspecified, of 210Po in the marine environment (Schell et al, 1972)(1).
Table 1. 2,0Po Activity in Selected Organs of Fish 
(pCi/g wet) (Schell et al, 1972)(1).
Seawater Freshwater
(sablefish) (chub)
Digestive tract 46.26 ±  2.79
Flesh 0.14 ±  0.009
Liver very high
Bone -
Stomach content 0.77 ±  0.06
Remainder 0.56 ±  0.04
Eviscerated 0.015 ±  0.0055
Viscera* 1.57 ±  0.10
Viscera includes digestive tract, liver, stotnsch content. Individual organs not assayed.
Most of the studies of radioactivity in fish indicate that the digestive tract, 
particularly the intestine, has the highest 210Po activity. This finding strongly suggests 
that this radionuclide enters the fish during the ingestion of food. The highest
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Table 2. 2l0Po Activity in Selected Organs of Fish 
(pCi/g wet) (Schell et al, 1972)(!).
Seawater 
(chinook salmon)
Freshwater 
(sockeye salmon)
Digestive tract contents 0.23 ±  0.12
Flesh 0.05 ±  0.0045 0.015 ±  0.0071
Liver 0.22 ±  0.10
Bone 11.03 ±  0.90
Testes 0.02 ±  0.003
Remainder 0.11 ±  0.01
Eviscerated 0.74 ±  0.13
Viscera 2.95 ±  0.21
concentration and thus the highest natural burden of radioactivity has been reported for 
the caecum of an albacore tuna (Ihunnus alalunga). The buildup factor for this organ 
is about 106  fold over the concentration of 2,0Po in sea water (Folsom et al, 1972)®. 
A result of particular interest is that fish from the most plutonium-polluted waters of the 
world have values of 210Po greater than the values of 239,240Pu (plutonium-239 and 240), 
which are produced by nuclear detonations (Nevissi and Schell, 1975)® (Table 3). 
Another study focused on the relationship between concentration and the depth where fish 
live. It was also found that fish living at similar depths showed different 2,0Po 
concentration levels due to the differences in biology and diet (Carvalho, 1988)(4) (Table 
4).
This thesis research focused on the analysis of 2l0Po concentration levels in the 
organs of fish from Lake Mead and comparison of these measurements with the reported 
210Po concentrations in salt-water fish.
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Table 3. 2 l0 Po, 239Pu and 240Pu Values in Selected 
Organs of Fish Collected at Bikini and 
Eniwetok Atolls (pCi/g wet) (Nevissi and 
Schell, 1975)t3).
2,0Po range 239,2«>pu railge
Muscle 0.009 - 0.07 <0.0004
Viscera 0.23 - 1.39 0.60
Liver 0.92 - 5.63 0.41
Bone 3.67 - 22.39 <0.0004
Table 4. 2,0Po Activity in Organs of Oceanic Fish (n=4), 
Sardina pilcardus, (pCi/g wet) (Carvalho, 
1988)(4>.
Epi-
pelagic
teleost
Meso-
pelagic
teleost
Bathy-
pelagic
teleost
Demersal
teleost
Elasmo-
branch
Muscle 0.19 
(0.05 - 0.57)
0.07 
(0.54 - 0.1)
0.005
(0.002-0.008
0.08 
(0.01 - 0.18)
0.02
(0.005-0.05)
Liver 10.57
(1.81-25.38)
14.92
(6.97-22.84)
0.16 
(0.03 - 0.38)
0.32
(0.11-0.49
0.22
(Q.008-0.86)
Gonads 1.08 
(0.30 - 2.54)
10.95
(1.54-20.35)
0.30 
(0.05 - 0.86)
0.73
(0.07-1.41)
0.05
(0.005-0.12)
Skeleton 0.81
(0.19-2.49)
5.03
(4.41-5.62)
0.05 
(0.03 - 0.14)
0.16 
(0.08 - 0.27)
0.16
(0.03-0.30)
Polonium-210 is a naturally occuring radioisotope, the fifteenth nuclide in a chain 
produced from the radioactive decay of the long-lived uranium-238 which is 99.28% of 
the uranium normally found in nature. Uranium is found in most rocks and soils. Acid 
igneous rocks contain concentrations on the order of 0.68 picoCurie per gram (pCi/g), 
about 1 0 0  times greater than ultrabasic igneous rocks but considerably less than
phosphate rocks which contain as much as 27 pCi/g (Eisenbud, 1973)<S). Phosphate 
rocks have been considered as a commercial source of uranium (Clegg and Foley, 
1958)(6). The high uranium content of phosphate minerals is reflected in 
correspondingly high uranium concentrations in commercial phosphate fertilizers. 
According to Spalding and Sackett (1972)<7>, uranium content of North American rivers 
is higher than in the past, which they attribute to increased run-off of phosphate 
fertilizers.
The uranium-238 decay series is shown below. The intermediate precursors to 
210Po of note are 226Ra (radium-226) and 222Rn (radon-222) (Shannon and Cherry,
1973)®.
**U----- -------- 23477*— P 2MPa 9------
4.5x109yr 2A.lday 1.18mm
234LT “ ™Th   n6Ra— - ___
2 .4 8 x l0 >  8.0x10V 1622yr
Z U R n  “  p Q « -------- 214p b -------- P---------
3.825day 3.05min 26.8min
214^- P _ 210^  P   210p b  P _
19.7min *" 1.3min 22.3yr
2 i o ^ _ . P  „  2io? 0  a  206P b
5.0day 138.4day
Radium-226 arises from the decay of 23tTh which arises from the in-situ decay of 
in solution. Because of the high chemical reactivity of thorium, it is quickly
scavenged from solution on particulate material and deposited on the lake and sea beds. 
When the parent thorium atom decays, the recoil energies associated with the daughter 
radium atom may be sufficient to eject this atom into the interstitial water, whence it 
diffuses out into the overlying water (Baker, 1984)® (Fig. 1).
0
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Figure 1. Typical 226Ra and 228Ra profiles of water samples from the north­
east Atlantic (Baker, 1984)(9).
Radium-226 decays to ^R n. Due to the fact that radon is a rare gas, part of the
pool of radon which is produced emanates from land surfaces giving rise to another break 
in the uranium decay chain. Thus, radon and its daughters may exist in disequilibrium 
with previous members of the uranium series. Radon has been largely responsible for 
the important role which 210Po play in the natural radiation environment (Baker, 1984)<9). 
As radon is emanated from land surfaces and escapes into the atmosphere (see Figure 2), 
it decays rapidly to 210Pb (lead -210), which has a residence time in the troposphere on
Pb-210
Rn-222Bi-210
Pb-210 Po-210
LAND SURFACE
LAKE
Figure 2. Schematic diagram of how mRn contributes to 2,0Po activity in 
the environment.
the order of weeks. A natural fall-out of 2l0Pb and its daughters, 2I0Bi (bismuth-210) and 
2 1 0 Po, then results and these nuclides are subsequently incorporated into the biosphere and 
the geosphere.
Polonium-210 (t,A = 138.4 days) decays by alpha-particle emission and 
contributes major portions of the natural burden of ionizing radiation to many aquatic 
organisms (Schell et al, 1972; Folsom and Beaseley, 1972; Hoffman et al,
1974)(I,I0,U). A milligram of 2I0Po emits as many alpha particles as 5 g of radium (1 
g of Ra = 3.7 x 101 0  dps =  1 Ci). The energy released by the decay of the alpha 
particle is so large (5.3 MeV) that a capsule containing about half a gram reaches a 
temperature above 500°C. It is emitted at a range of 3.85 cm in the air (at 15°C and 
normal pressure) and about 30 /t in animal tissues (Bagnall, 1966)<12). The alpha 
particle acts like a high powered bullet and causes irreversible radiation damage because 
of the complete absorption of the particle energy as the particle decelerates. The 
maximum permissible body burden for ingested polonium is only 0.03 /*Ci, which 
represents a particle weighing only 6 . 8  x 10' 1 2  g. The maximum allowable concentration 
for soluble polonium compounds in air is about 2 x 10 "  /*Ci/cm3. Analysis of 210Po is 
useful in order to evaluate the role that man-made “ ’Pu and “ “Pu play in affecting the 
radioactive burden of organisms including man.
EXPERIMENTAL
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Reagents
Nitric acid (HN03) and hydrochloric acid (HC1), both of analytical reagent grade, 
were obtained from Fisher Scientific. A [0.5M HC1] solution was prepared by diluting 
concentrated HC1 with distilled water prepared by distilling deionized water in an all 
glass distillation system. Perchloric acid (70.4% HC104) and hydrogen peroxide (30% 
H2 O2 ) were purchased from J.T. Baker Chemical Co. The ascorbic acid was 99.8% pure 
from Aldrich Chemical Co. Analytical reagent grade acetone was obtained from Fisher 
Scientific. Ferric nitrate (Fe(NQ3 )3) and concentrated ammonia (NH4 OH) were also 
purchased from Fisher Scientific.
Chemical Tracer
The 208Po (polonium-208) radioactive tracer solution (34.88 pCi/ml) was prepared 
by diluting 1:100 with 0.5M HC1. The stock solution was obtained from the U.S. 
Environmental Protection Agency, Radioanalysis Branch, Las Vegas.
Apparatus
Alpha spectrometers (Canberra, Model 7401) were equipped with high resolution
low background ion implanted silicon detectors. An EPSON Equity Ie computer served 
as a pulse height analyzer and was attached to an EPSON FX-850 printer.
Autoplating
A twenty milliliter polyethylene scintillation vial with aluminum cap lining was 
used to contain the sample and a silver disc for plating. Silver discs were purchased 
from Murphy and Die Co. The plating was carried out in a Gyratory Water Bath Shaker 
(Model G76, New Brunswick Scientific Co., Inc.).
Sample Collection
The species used for this study were catfish (Ictalurus punctatus Rafinisque), 
striped bass (Morone saxatilis Walbaum) and threadfin shad (Dorosoma petenense 
Gunther). The former two species were caught purposely for food consumption, the 
latter was mainly for experimental purposes. They were collected from Lake Mead at 
the Las Vegas Wash, Hemenway and the Cliffs (Figure 3). After each organism was 
fileted, the remaining part was immediately placed in a plastic bag, sealed and frozen.
Water samples from the lake were placed in a 200 1 polyethylene barrel liner 
(Fisher Scietific). Isotope dilution was used to quantitate the Po-210. The radioactive 
isotope, 2 0 8 Po, was added at the time of collection and thus processed with the sample to 
also measure collection efficiency. With stirring, two grams of Fe(NO^ ) 3  were dissolved
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in the sample and then 250 ml of concentrated NH,OH were added to precipitate 
Fe(OH)3. The resulting precipitate was allowed to settle overnight. The supernatant was 
decanted and remaining sample was centrifuged to collect the precipitate.
LAS VEGAS WASH •
THE CLIFFS
LAKE MEAD MARINA
HENDERSON
HEMENWAY HARBOR •
Figure 3. Sampling locations 0 0  m Lake Mead.
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Sample Analysis
The fish were thawed just prior to dissection and each organ placed in a 150 ml 
pyrex beaker and weighed within minutes to maintain the integrity of the wet weights 
(Figure 4). All samples were spiked with 208Po and digested by using concentrated HN0 3  
and 30% H2 0 2. The samples were heated on a hot plate to reflux for at least 4 hours, 
then evaporated to dryness. The procedure was repeated until a pale yellow residue 
remained on evaporation of the acids. If the sample remained brown or black at this
swMMooa
J
nuivtNOM 
VfNTMCU
GONAO ARTERY A JO  VIM
LOT G A ST ne ARTERY 
TYLOMC CAECA
Figure 4. Visceral organs of a fish. In the lower figure the liver is removed 
to reveal the deeper structures.
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stage, it was treated with HC104  and redigested until the color was yellowish. The 
HN0 3  and HCIO4  were volatilized by using concentrated HC1 to optimize the chemical 
recovery. Ten milliliters of 0.5N HC1 and 200 mg of ascorbic acid were added and the 
resulting solution heated below boiling beneath a watch glass. Ascorbic acid is required 
to eliminate the interference of iron by reducing it to the ferrous state (Blanchard, 
1966)(,3).
The sample was transferred to a 20-ml polyethylene vial, diluted with more 0.5M 
HC1 to bring the sample volume to 20 ml and a silver disc placed on the mouth of the 
vial before capping (Figure 5). Spontaneous plating was carried out in a gyratory water 
bath shaker with the temperature set at 65°C for at least 3 hours (Figure 6 ). The disc 
was washed with distilled water and rinsed with acetone for fast drying. The 208Po and 
210Po activity was determined by alpha spectrometry.
Precipitates from water samples were treated the same manner as the fish organs 
for analysis.
Data Computations
The 5.303 MeV 210Po alpha peak was easily resolved from the chemical yield 
tracer, 2 0 8 Po, with an energy of 5.11 MeV, by the alpha particle detector. The procedure 
used to calculate the 2I0Po activity is shown in the equations below.
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Vial Cap
Silver Disc
Sample in O^M HCl
Polyethylene Vial
Figure 5. Plating cell.
14
- 1000 ml Beaker
m
Gyrating Water Bath
Figure 6. Plating system.
. 210Po counts 2 0 8  n vo/. 208Po tracerA = ----------------  x Po tracerconc x  ---------------------
208Po counts sample wet wt.
Using the decay equation,
where,
Aq = activity at time of collection 
At =  activity at time of measurement 
X = 0.693/tl/2
t1 / 2  =  half-life of 2I0Po = 138.4 days 
t =  time from collection date to measurement date. 
Substituting the known values into the decay equation,
0.6931
A0 = Ate 1384
the activity at the time of collection (AJ can now be solved.
RESULTS AND DISCUSSION
Examples of typical alpha spectra of the samples are shown in Figures 7-9.
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Figure 7. An alpha spectrum of SB5-08 (spleen of a striped bass).
The observed 2,0Po concentrations of the fish tissues sampled are listed in Tables 
5-9. Table 9 also includes results of lake water analysis. Averages and ranges of 210Po 
concentrations in both catfish and striped bass are tabulated in Table 10. In catfish, 
concentrations range from a low of 0.04 pCi/g (wet wt.) for skeletal bones and in muscle
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Figure 8 . An alpha spectrum of CF14-14 (intestinal content of a catfish).
to a high of 33.36 pCi/g (wet wt.) in the intestine (with contents). In striped bass 
tissues, concentrations range from 0.02 pCi/g (wet wt.) in muscle to 29.01 pCi/g (wet 
wt.) in intestine (with contents). In the shad only whole fish were assayed due to their 
small size. The average 210Po activity found was 0.33 pCi/g (wet wt.).
In all the catfish (but CF14) and one striped bass (SB1) analyzed in this study, 
the highest 210Po concentrations were found in the intestines. For one catfish, CF14, the 
intestinal content was separated from the intestine and analyzed separately. These 
analyses showed that intestinal content had a higher 210Po activity concentration, 24.75
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Figure 9. A typical alpha spectrum of a blank.
pCi/g (wet wt.), than the empty intestine which was 8.61 pCi/g (wet wt.). More detailed 
analyses were done with the striped bass (Table 7-8) by separately analyzing the pyloric 
caecum, intestinal content and intestine. On the average, highest concentration ( 5.43 
pCi/g wet wt.) was found in the intestinal content, followed by the pyloric caecum (4.49 
pCi/g wet wt.) and then the intestine (3.89 pCi/g wet wt.). One sample (SB5) showed 
an unusual result where the spleen had the highest activity concentration of 5.96 pCi/g 
(wet wt.) followed by the caecum (4.46 pCi/g wet wt.) and then the intestinal content 
(3.90 pCi/g wet wt.).
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The 210Po was not uniformly distributed within the fish analyzed. The highest 
levels were consistently found in the digestive organs: intestine, pyloric caecum, liver, 
kidney, stomach and spleen. The order of concentration level for catfish was: intestine 
> kidney > stomach > liver > spleen while for the striped bass it was: intestine > 
pyloric caecum > spleen > kidney > liver (Figure 10). Note that the pyloric caecum 
was not identified in any of the catfish. Figure 11 compares the 2,0Po percentage 
concentrations based on the average values for oceanic fish, sardines (n=4), and Lake 
Mead catfish (n=5).
The threadfin shad constitutes most of the diet of both catfish and striped bass 
(Allan and Roden, 1978)(14) and since it is eaten whole by these organisms, analysis 
was done as a whole fish to account for its contribution to 2I0Po concentration in the 
digestive organs of both organisms (although during digestion the soft parts probably are 
the first to be solubilized by the digestive juices). Table 9 lists the 210Po concentrations 
of threadfin shad and lake water (unfiltered), the average values of which were 0.33 
pCi/g (wet wt.) and 0.045 pCi/L, respectively. Polonium-210 activity in lake water is 
comparable to that of sea water which is 0.04 pCi/L (average)(,5).
Table 5. 2I0Po Activity in pCi/gram (wet) 
Site: The Cliffs
Collection Date: August 9, 1991
CF1 CF2 CF3 CF4
Heart 0.12 0.23 0.19 0.10
Head kidney 0.61 0.54 0.45 0.27
Liver 1.10 .... 0.55 0.29
Intestine 5.94 5.28 1.05 1.98
Stomach 0.54 1.12 0.19 0.33
Pancreas 0.48 0.50 .... 0.29
Kidney 1.63 1.08 1.03 0.78
Spleen 0.23 1.00 1.04 1.01
Gonad 1.00 .... .... 0.21
Swim bladder 0.07 0.11 0.06 0.15
Gills .... 0.22 0.12 0.05
Skeletal bones .... 0.09 0.05 0.04
Table 6. 1,0Po Activity in pCi/gram (wet) 
Site: Hemenway 
Collection Date: August 9, 1991
CF5 CF6 CF7 CF8 CF9 SB1
Heart 0.11 0.53 1.19 0.56 0.84 0.55
Head kidney 0.29 1.18 2.94 0.91 0.74 1.07
Liver 0.52 0.69 2.18 1.26 0.95 3.20
Intestine 1.53 8.96 19.67 4.89 6.00 29.01
Stomach 0.12 0.94 1.56 2.93 0.30 17.36
Pancreas 0.05 1.48 2.47 1.83 0.20
Kidney 1.42 3.53 6.80 2.56 1.43
Spleen 0.37 1.93 1.36 0.51 3.30
Oooad 0.12
Swim bladder 0.06 0.37 0.59 0.78 0.20 0.93
Gills 0.10 0.38 0.67 0.25 0.18 0.27
Skeletal bones 0.16 0.24 0.11 0.17
Muscle 0.04 0.30 0.64 0.34 0.37
CF *» catfish 
SB = striped bass
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Table 7. 210Po Activity in pCi/gram (wet) 
Site: The Cliffs
Collection Date: August 14, 1991
CF10 CF11 CF12 CF13 CF14 SB2
Heart 0.34 0.22 0.15 0.19 0.28 0.09
Head kidney 1.50 0.55 0.39 0.51 1.05 0.33
Liver 1.95 0.57 0.33 0.40 1.02 0.55
Intestine 7.51 2.37 8.24 5.45 8.61* 6.68*
Stomach 2.45 0.38 0.50 5.50 0.44 0.25
Pancreas 0.15 0.06 0.04 0.07 0.07 0.91
Kidney 4.07 1.53 1.02 1.21 2.91 0.50
Spleen 1.00 0.45 1.00 1.46
Gonad 0.39 0.52 0.35 0.39 0.35
Swim bladder 0.39 0.06 0.07 0.10 0.10
Gills 0.36 0.13 0.12 0.12 0.20 0.08
Skeletal bones 0.10 0.04 0.15 0.08
Muscle 0.10 0.04 0.05 0.15 0.08 0.05
Intestinal content 24.75 10.27
Caecum 5.11
* — empty intestine
Table 8. 2I°Po Activity in pCi/gram (wet) 
Site: Las Vegas Wash 
Collection Date: November 1, 1991
SB3 SB4 SB5 SB 6
Heart 0.15 0.30 0.74 0.22
Head kidney 0.38 ... 1.58 0.66
Liver 0.71 ... 2.67 0.97
Intestine (empty) 4.36 4.25 3.47 3.48
Stomach 0.22 0.18 0.24 0.14
Pancreas 0.17 ... ... 0.22
Kidney 0.61 1.37 3.32 1.34
Spleen 1.50 2.49 5.96 1.42
Gonad 0.51 ... 0.95 0.30
Swim bladder 0.08 ... 0.24 0.09
Gills ... 0.11 0.29 0.09
Skeletal bones ... ... ... ...
Muscle 0.02 0.02 0.04 0.02
Intestinal content 6.46 3.48 3.90 7.86
Caecum 4.80 4.52 4.46 4.17
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Table 9. Analyses of Threadfin shad (TS) and water from Lake Mead.
Sample Location Collection Date 210Po Activity
TS-1 Las Vegas Wash Nov. 6, 1991 0.31 pCi/g (wet)
TS-2 Las Vegas Wash Nov. 6, 1991 0.31 pCi/g (wet)
TS-3 Las Vegas Wash Nov. 6, 1991 0.36 pCi/g (wet)
TS-4 Las Vegas Wash Nov. 6. 1991 0.36 pCi/g (wet)
Water-1 Boulder Bay Jan. 22, 1992 ...
Water-2 Las Vegas Wash Feb. 12, 1992 0.046 pCi/L
Water-3 Las Vegas Wash Feb. 12, 1992 0.044 pCi/L
Table 10. 110Po Activity in Organs of Some Lake Mead Fish, [pCi/g (wet)].
Catfish (n=14) Striped Bass (n=5)
Ave. value Range SD Ave. value Range SD
Heart 0.36 0 .10- 1.19 0.31 0.30 0 .09- 0.74 0.23
Head kidney 0.85 0.27 - 2.94 0.67 0.74 0.33 - 1.58 0.50
Liver 0.91 0 .29-2 .18 0.57 1.23 0.55 - 2.67 0.85
Intestine 8.02 1.05 - 33.36 8.33 4.45' 3.47' - 6.68' 1.18
Stomach 1.24 0 .12-5 .50 1.44 0.21 0 .14-0 .25 0.04
Pancreas 0.59 0.04 - 2.47 0.77 0.43 0 .17-0 .91 0.34
Kidney 2.21 0.78 - 6.80 1.60 1.43 0.50 - 3.32 1.01
Spleen 0.90 0.23 - 1.93 0.47 2.57 1.42 - 5.96 1.74
Gonad 0.43 0 .12- 1.00 0.26 0.53 0.30 - 0.95 0.26
Swim bladder 0.22 0.06 - 0.78 0.22 0.14 0.08 - 0.24 0.07
GUIs 0.22 0.05 - 0.67 0.16 0.14 0.08 - 0.29 0.09
Skeletal bones 0.11 0.04 - 0.24 0.06 ... • •• ...
Stomach muscle 0.19 0.04 - 0.64 0.19 0.03 0.02 - 0.05 0.01
Intestinal content ... ... ... 6.39 3.48 - 10.27 2.53
Caecum ... ... ... 4.61 4.17-5 .11 0.32
* Empty intestine
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Figure 10. 210Po percentage concentrations based on the average values for catfish
at Cliffs site (n=5, top) and striped bass at Las Vegas Wash (n=4, 
bottom).
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Figure 11. Comparison of 2l0Po concentrations of oceanic fish, sardines, (n=4, 
top) (Carvalho, 1988)(4) and Lake Mead catfish (n=5, bottom).
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Table 11 lists the 210Po activity in organs of oceanic fish (albacore tuna and cod) 
and of Lake Mead fish (catfish and striped bass). The values for catfish and striped bass 
were within the range of concentration levels for oceanic fish. Some values for Lake 
Mead fish were not much less from that of oceanic fish. For example, the2,0Po activity 
in the intestine of catfish (33.36 pCi/g wet wt.) was higher compared to the same organ
Table 11. Comparison of 210Po concentrations of
albacore tuna* (Thunnus alalunga), cod§ 
(Gadus morrhua), catfish (Ictalurus 
punctatus)and striped bass (Mo rone 
saxatilis).
Organ
Albacore
pCi/g
wett
Catfish
pCi/g
wet
Striped 
bass 
pCi/g wet
Cod§
pCi/g
wet
Pyloric caccal mass (distal lobe 
only)
79 ± 2
Pyloric caccal mass (whole) 53 ±  1 5.11 1.49
Spleen 17 ±  1 1.46 1.16
Kidney 17 ±  1 2.91 0.50
Liver 13 ±  1 1.02 0.55 3.73
Stomach content 19 ±  1 2.38
Stomachi 7 ±  1 0.44 0.25 0.46
Intestine^ 20 ± 2 33.36 16.95 5.57
Heart 1.2 ± 0.1 0.28 0.09 0.49
Skin 1.0 ±  0.1
Bone 0.53 ± 0.02 0.08
Muscle 0.17 ±  0.03 0.08 0.05
Gonad 0.39 0.35 0.65
Gills 0.20 0.08 0.59
* Total weight 13,600 g. Fork length 87 cm. Estimated age 5 yr. Caught near San Diego 1972. 
t  Probable dose rate in mrad/yr =  pCi/g x 100. Data from Folsom er al (1972)®.
£ Calculated from representative albacore determinations lubsequent to Folsom et al (1972)®. 
g Baltic Sea cod (Skwarzec, 1988)<M).
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of albacore tuna (20 pCi/g wet wt.) (Folsom et al, 1972)® and of cod (5.57 pCi/g wet 
wt.) (Skwarzec, 1988)<I6). Figure 12 is presented to show more comparability of oceanic 
fish (cod) and Lake Mead fish (striped bass).
18-fl
Inlesline Pyloric Caecum  Spleen Heart Muscle
S tom ach Liver Gonad Gill
Organs
Striped BassCod
Figure 12. Comparison of 2I0Po concentration on Baltic Sea cod and Lake 
Mead striped bass. Data for Baltic Sea cod from Skwarzec 
(1988)<l6>.
The physical and biological characteristics, especially the eating habits of the 
catfish, striped bass and threadfin shad are presented to show that these organisms have 
more or less similar characteristics to that of the marine fish.
Catfish
Channel catfish (Ictalurus punctatus Rafinesque) belongs to the catfish family 
Ictaluridae, which contains the large catfishes, the bullheads, and the small madtoms 
(Eddy, 1969)(17). Channel catfish are omnivorous feeders consuming a wide variety 
of food items. Feeding is usually done near the bottom but occasionally some food may 
be taken from the surface (Bailey and Harrison, 1948)(18). In Lake Mead, adult 
channel catfish have been found feeding on several food items. Fish, particularly 
threadfin shad, insects, plankton, and plant material have been identified in catfish 
stomachs. The most important foods were algae and fish (Deacon et al, 1972)(19) 
(Table 12). Food items of the young fish include small aquatic insects, algae, and 
decaying organic matter (Jonez and Sumner)0®.
Table 12. Stomach contents expressed as percentage frequency of occurrence of 
each food item found in stomachs of channel catfish from Lake Mead 
(Deacon et al, 1972)(W|.
October May June
No. examined 21.0 4.0 9.0
Food organism
Empty
Threadfin shad 33.3 25.0
Chironomids 19.0 75.0 2.2
Odonata
Coleoptera 4.8
Fish remains 38.0
Plant remains 42.0 1.1
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Striped Bass
The striped bass (Morone saxatilis Walbaum) belongs to the sea bass family 
Percichthyidae. The fish is a voracious feeder. The amounts and kinds of food items 
taken appear to be a function of availability more than any other factor (Raney, 1952; 
Johnson and Calhoun, 1952; Stevens, 1958; Morgan and Gerlach, 1950)(2I,22,23,24). 
In most freshwater environments, the diet has been found to be made up almost entirely 
of clupeid fishes. Few rough or game fishes have been found during stomach analysis 
(Stevens, ^ S )* 23*.
Analysis of the stomachs of striped bass from Lake Mead indicates that striped 
bass are, indeed, opportunistic feeders. Threadfin shad represented the greatest 
occurrence with trout the second greatest. Other foods identified were chironomids, 
crayfish, and organic debris (Johnson, 1976)(25) (Table 13).
Threadfin Shad
The threadfin shad (Dorosoma petenense Gunther) belongs to the herring family 
Clupeidae which contains the shads and herrings (Eddy, 1969)(17). Threadfin shad have 
a highly specialized digestive system. The stomach is thick-walled and gizzard like. The 
intestine is long, highly convoluted, and bears many pyloric caeca (Minkley, \913)m .
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Table 13. Stomach analysis of striped bass expressed as frequency and percentage 
of occurrence from Lake Mead CJohnson, 1976)(2J>.
Frequency Percentage
Threadfin shad 56 50
Empty 28 25
Rainbow trout 26 23.2
Debris 7 6.25
Crayfish 4 3.57
Chironomids 1 .89
Golden shriner 1 .89
Black crappie 1 .89
Total examined 112
Lake Mead threadfin shad have been found to utilize a wide variety of food items. 
Plant and other organic debris were found to constitute a major portion of the diet the 
year around. Phytoplankton and algae were also identified in the diet. Zooplankton 
appeared in the diet throughout the year and was an important food source. Sand was 
also found in stomachs primarily during the summer (Deacon et al, 1972)(,9) (Table 14).
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Table 14. Percentage occurrence of various food items in the diet of threadfin shad from 
Lake Mead (Deacon et al, 1972)<19>.
Feb. March April May June July Aug.
Protozoa .012 .037 .036 .200
Cladocera 8.60 1.65 .650 .022 1.320 .012
Copepoda 1.28 .072 .800 .090
Rotifera .012 .720 .080 .022
Hydracrina .020 .050
Chlorophyta 3.30 .07 16.44 31.80 29.20 21.10
Chrysophyta 9.97 75.70 18.23 16.80 3.71 .26 2.10
Cyanophyta 13.20 3.32
Pyrrophyta 45.60 .002 1.18 .04
Ephippia .098 .020 .022 .010 .075
Plant debris 31.10 20.60 76.10 65.68 63.60 53.60 30.30
Animal rent. .077 .932 2.310 .003 1.580
Sand 12.5
CONCLUSION
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Analyses of the 2,0Po contents of fish in Lake Mead have shown that 210Po 
concentrations, in the same organs of both catfish and striped bass are about the same. 
Analyses also show that this nuclide is non-uniformly distributed within the fish, but as 
reported by several workers for oceanic fish, the organs directly connected with 
metabolism (intestine, stomach, pyloric caecum and spleen) are characterized by higher 
concentrations of 210Po and the lowest concentrations are found in muscle tissue and 
skeletal bones. This suggests that 2,0Po is ingested by fish along with their food and is 
transported to the stomach, intestine and digestive glands (pyloric caecum, spleen and 
liver). A consequence of the accumulation of 2,0Po by fish is that they are subjected to 
high internal radiation doses from the decay of this radionuclide. The dose equivalents’ 
are highest in the digestive organs. Estimated dose equivalent in the intestine of catfish 
(CF14), for example, is 33,360 mrem y r1. People of some countries like Japan are 
noted for eating internal organs of fish as a delicacy and have a high incidence of 
intestinal cancer*27*.
Results of this study show that the levels of 2,0Po concentrations in Lake Mead 
fish are comparable to those of marine fish. In contradiction to some workers (Schell 
et al, 1972)(I), the results of this study suggest that sources of 210Po in fresh-water 
environment must be similar to that in the marine environment.
* Dose equivalent in mrem/yr =  pCi/g x 1000.
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